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The direct PAK1 inhibitor, TAT-PAK18, blocks preferentially 
the growth of human ovarian cancer cell lines in which PAK1 is 
abnormally activated by autophosphorylation at Thr 423
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ABSTRACT: So far no effective therapeutic has 
been developed for the FDA-approved treatment of 
ovarian cancer patients. Recently we provided the 
first evidence indicating that an old antibiotic (anti-
parasitic drug) called Ivermectin suppresses the 
growth of a variety of human ovarian cancer cell lines 
in vitro by inactivating the oncogenic kinase PAK1 
somehow (Hashimoto H, et al. Drug Discov Ther. 2009; 
3:243-246). This kinase is now known to be essential 
for the growth of more than 70% of all human cancers 
including breast, prostate, pancreatic, colon, gastric, 
lung, cervical, thyroid cancers as well as hepatoma, 
glioma, melanoma, MM (multiple myeloma) and NF 
(neurofibromatosis) tumors. In this study, using the 
cell-permeable PAK1-inactivating peptide TAT-PAK18 
which blocks the essential PAK1-PIX interaction, we 
examined the relationship between the sensitivity of 
ovarian cancer cell lines to this anti-PAK1 peptide 
and the protein expression/autophosphorylation levels 
of PAK1 in these cell lines, and found that the more 
PAK1 is abnormally activated (autophosporylated 
at Thr 423), the more their growth is sensitive to this 
peptide, regardless of their PAK1 expression levels. 
This observation provides the first direct evidence that 
ovarian cancers also belong to the PAK1-dependent 
cancers which represent more than 70% of all human 
cancers, suggesting that anti-PAK1 drugs would be 
effective therapeutics for ovarian cancers.
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1. Introduction

Among female-specific cancers, breast, ovarian and 

cervical cancers are the major three that cause the death 
of many cancer patients world-wide. Around 75% of 
breast cancers require estrogen for their growth, and 
the remaining 25% appears to be estrogen-independent. 
Thus, in the past the former estrogen-dependent 
breast cancers have been treated by an estrogen 
antagonist called Tamoxifen (Tam) with a relatively 
great success. However, after a prolonged treatment, 
these breast cancers become Tam-resistant, mainly 
because the kinase PAK1 is abnormally activated (1). 
We have shown that the growth of these Tam-resistant 
breast cancers as well as estrogen-independent breast 
cancers can be almost completely suppressed by anti-
PAK1 drugs such as FK228 and combination of AG 
879/GL-2003 and PP1 (2,3) in vivo (human cancer 
xenografts in mice). Similarly, the growth of human 
ovarian cancer cell lines can be suppressed with FK228, 
a potent HDAC (histone deacetylase) inhibitor, that 
eventually inactivates PAK1 (2), at least in cell culture 
(4), suggesting that some of ovarian cancers require the 
kinase PAK1 for their growth. However, none of these 
anti-PAK1 drugs are available on the market as yet. 
Moreover, Tam is known to be effective in suppressing 
the growth of only 10% of chemotherapeutics (DNA/
MT poisons)-resistant ovarian cancers (5), suggesting 
that the remaining 90% of these ovarian cancers no 
longer depend on estrogen for their growth.
 Thus, we recently identified a few anti-PAK1 
products among those which are already available on 
the market. One of them is the CAPE (caffeic acid 
phenethyl ester)-based extract of NZ (New Zealand) 
propolis called Bio 30. CAPE and a few other anti-
cancer ingredients in Bio 30 synergestically work 
to suppress very strongly the PAK1-dependent 
growth of breast and pancreatic cancers as well as 
NF (neurofibromatosis) tumors and glioma in vivo 
(xenografts in mice) (6,7). Another is Ivermectin, an old 
antibiotic which has been used as a potent anti-parasitic 
drug that kills mainly the intestinal worms (nematodes) 
by inhibiting their GABA receptor, but not mammalian 
counterparts (8). Recently we demonstrated that 
Ivermectin inactivates the kinase PAK1 in a variety of 
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human ovarian cancer cell lines somehow, and blocks 
their growth (9), confirming that many ovarian cancers 
also require this kinase for their growth. However, their 
sensitivity to Ivermectin varies from one cancer cell 
line to another for an unknown reason, and the growth 
of normal cells is not inhibited by this drug at all (9). 
Interestingly, in many human ovarian cancer cells 
the PAK1 gene expression was found to be amplified 
along with a few other genes on 11q13 locus (10,11). In 
general, however, over-expression of PAK1 protein is a 
very rare event in human cancers, except for breast and 
ovarian cancers. In more than 70% of cancer cases, the 
kinase activity PAK1 is abnormally elevated instead, 
through the activation of upstream oncogenic signal 
transducers such as RAS, without any mutation on 
PAK1 gene itself.
 In this study, using one of the direct PAK1 inhibitors 
called TAT-PAK18 which blocks the PAK1-PIX 
interaction essential for the PAK1 activation (12,13), 
we examined the possible relationship between the 
sensitivity of human ovarian cancer cell lines to TAT-
PAK18 and PAK1 expression/its autophosphorylation 
(at Thr 423) levels, as TAT-PAK18 has been shown 
to block the autophosphorylation of PAK1 at Thr 423 
(14), and inactivate this kinase both in vitro and in vivo 
(13,14).

2. Materials and Methods

2.1. Reagents

The peptide TAT-PAK18 (sequence: RKKRRQRRR-G-
PPVIAPRPEHTKSVYTRS) was custom-synthesized 
by Calbiochem. This PAK1-inactivating peptide was 
synthesized by coupling the specific PAK1 kinase 
inhibitory domain of 18 amino acids (called PAK18), 
which blocks the PAK1-PIX interaction (12,13), to a 
cell-permeable highly basic peptide vector of 9 amino 
acids called TAT (14,15) through the linker Gly (G).

2.2. Cell lines

Human ovarian cancer cell lines TYK-nu, HTOA, 
SKOV3, RMUG-S and the control immortalized non-
cancerous ovarian surface epithelial cell line HOSE 
were maintained in DMEM/F12 (Invitrogen, Carlsbad, 
CA, USA), supplemented with 10% fetal bovine serum 
and 1% penicillin/streptomycin (Invitrogen), under the 
standard culture conditions.

2.3. Immuno blot analysis

For whole-cell lysates, samples were lysed in RIPA 
buffer (20 mM Tris-HCl, pH 7.5, containing 150 mM 
NaCl, 1 mM Na2EDTA, 1 mM EGTA, 1% NP-40, 1% 
sodium deoxycholate, 2.5 mM sodium pyrophosphate, 
1 mM beta-glycerophosphate, 1 mM Na3VO4, 1 μg/mL 

leupeptin, and 1 mM PMSF). Protein samples were 
separated on 8% SDS-polyacrylamide gels (PAGE) 
and then transferred to polyvinylidene difluoride. 
Membranes were probed with antibodies to PAK1, 
phospho-PAK1 Thr 423, and p-Raf1 (Ser 338) (each 
diluted at 1:1,000, from Cell Signaling Technology, 
Danvers, MA, USA) as well as to β-actin (diluted at 
1:500, from Santa Cruz Biotechnology, Santa Cruz, 
CA, USA) overnight at 4°C. After extensive washing 
with PBS containing 0.1% Tween 20, horseradish 
peroxidase-conjugated secondary antibodies (Santa 
Cruz Biotechnology) were used at dilutions of 
1:5,000. Proteins were visualized using enhanced 
chemiluminescence and were normalized to β-actin.

2.4. Cell viability (MTT) assay

2 × 103 cells of each cancer cell line seeded per well 
were treated with varying concentrations of TAT-
PAK18 (0.1-100 μM) for 72 h. Then cells were 
incubated at 37°C with 1 mg/mL MTT reagent (Sigma, 
St. Louis, MO, USA) for 3 h. Spectrophotometric 
absorbance of the samples was determined by the 
Ultra Multifunctional Microplate Reader (Tecan, 
Durham, NC, USA) at 595 nm.

2.5. Assay for kinase activity of PAK1 (p-Raf1 levels)

Since the Ser 338 of the kinase Raf1 is the major site 
to be phosphorylated by PAK1, the kinase activity of 
PAK1 in cells was routinely monitored by measuring 
the p-Raf1 level (phosphorylated at Ser 338) through 
the immuno-blot with the antibody against p-Raf1, 
which is far more sensitive and direct than measuring 
the p-PAK1 level (phosphorylated at Thr 423), after 
culturing the cancer cell lines such as RMUG-S in the 
presence of TAT-PAK18 (0.1-100 μM) or absence for 
48 h as described previously (9).

3. Results and Discussion

3.1. PAK1 expression levels and autophosphorylation at 
Thr 423 in human ovarian cancer cell lines compared 
with those in the control non-cancerous cell line

Using the antibody against PAK1, we found that two 
cancer cell lines HTOA and SKOV3 express the PAK1 
protein at a similar level to the non-cancerous cell line 
HOSE, while the cell line TYK-nu expresses at the 
significantly lower PAK1 level, and we could hardly 
detect the expression of PAK1 in the cancer cell line 
RMUG-S (see Figure 1, top row), although a much 
longer exposure of the immuno-blot revealed that 
RMUG-S cells indeed express PAK1, but only a very 
low level (data not shown). Interestingly, however, 
using the antibody against p-PAK1 (autophosphorylated 
at Thr 423), we could detect the p-PAK1 in only in the 
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of these cancer cell lines to another anti-PAK1 drug 
Ivermectin (9) is rather opposite to their sensitivity to 
TAT-PAK18. The IC50 of TYK-nu was around 5 μM, 
while the IC50 of RMUG-S is around 20 μM, in both 
their growth and the kinase activity of PAK1 (monitored 
by p-Raf1 levels). This might be partly due to the 
possibility that like FK228, Ivermectin might inactivate 
another oncogenic kinase called AKT, in addition to 
the kinase PAK1, perhaps by blocking directly their 
upstream kinase(s) such as PI-3 kinase. For like FK228, 
Ivermectin can suppress even the growth of ovarian 
cancer cell line SKOV3 (9), which is highly resistant to 
another natural anti-PAK1 drug called menaquinone-7 
(vitamin K2) from a Japanese traditional cuisine called 
"Natto" (a fermented sticky soy bean product), which 
does not inactivate AKT (16,17), mainly due to the 
abnormally activated AKT in this cancer cell line (18). 
It is also possible that Ivermectin inactivates PAK1 not 
by blocking its auto-phosphorylation at Thr 423 (= the 
PAK1-PIX interaction), but by blocking other signaling 
pathways leading to the PAK1 activation such as Tyr-
phosphorylation of PAK1 by another upstream kinase 
ETK (3,19).
 We previously shown that a combination of two 
distinct anti-PAK1 drugs, AG 879/GL-2003 and PP1, 
which block the PAK1-ETK interaction and inactivate 

cancer cell line RMUG-S, and none in the remaining 
cancer cell lines and the control non-cancerous cell 
line (see Figure 1, second row), clearly indicating that 
among these five human ovarian cell lines, only in 
RMUG-S cells, PAK1 is autophosphorylated at Thr 
423 (abnormally activated), despite the fact that PAK1 
(protein) is unexpectedly hypo-expressed in this cancer 
cell line.

3.2. Sensitivity of ovarian cancer cell lines to TAT-
PAK18 in their growth

Although TAT-PAK18 inhibited the growth of all four 
cancer cell lines, RMUG-S was the most sensitive to 
this anti-PAK1 peptide (the IC50 was lower than 10 
μM), and the IC50 of the remaining three cancer cell 
lines appears to be more than 10 times higher (above 
100 μM ) (see Figure 2).

3.3. TAT-PAK18 inhibits the kinase activity of PAK1 in 
RMUG-S cells

To prove that the effect of TAT-PAK18 on the growth 
of RMUG-S cell line is mainly due to its inactivation 
of the autophosphorylated PAK1, we have examined 
the effect of this peptide (0.1-100 μM) on the kinase 
activity of PAK1 in this cell line by monitoring the 
p-Raf1 (Ser 338) level. As shown in Figure 3, this 
direct PAK1 inhibitor clearly inactivates the PAK1 in 
RMUG-S cells around a range of its concentrations 
(1-10 μM) which strongly inhibit their growth.

These observations altogether suggest that the more 
PAK1 is abnormally activated, the more their growth 
is sensitive to TAT-PAK18. Since unlike FK228 and 
Ivermectin, TAT-PAK18 both selectively and directly 
inactivates PAK1, this finding provides the first direct 
evidence that ovarian cancers also require the kinase 
PAK1 for their growth. Interestingly, the sensitivity 

Figure 1. PAK1 protein/autophosphorylation levels 
in human ovarian cancer cell lines. PAK1 and p-PAK1 
(autophosphorylated at Thr 423) levels in human ovarian 
cancer cell lines were compared with those in the control 
non-cancerous ovarian cell line (HOSE), using antibodies 
against PAK1 and p-PAK1, respectively, as described under 
"Materials and Methods". Only in RMUG-S cancer cells, 
PAK1 is autophosphorylated (abnormally activated).

Figure 2. Sensitivity of ovarian cancer cell lines to TAT-
PAK18 in their growth. Four ovarian cancer cell lines were 
treated with TAT-PAK18 at the indicated concentrations for 
72 h, and their growth was monitored by MTT methods as 
described under "Materials and Methods". Among these cell 
lines, RMUG-S, in which PAK1 is abnormally activated, was 
the most sensitive to TAT-PAK18 in their growth.

Figure 3. TAT-PAK18 down-regulates p-Raf1 level by 
inactivating PAK1 in RMUG-S cells. RMUG-S cells were 
treated with TAT-PAK18 at the indicated concentrations for 
48 h, and the p-Raf1 (Ser 338) level was monitored by its 
antibody as described under "Materials and Methods".
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Src family kinases, respectively, almost completely 
suppresses the PAK1-depepndent growth of human 
pancreatic and breast cancer xenografts in mice, due 
to their synergy (3,13). In this context, it would be of 
great interest for us to examine in the future whether 
Ivermectin and TAT-PAK18 or a few other PAK1 
autophosphorylation inhibitors such as CEP-1347, 
OSU-03012 and Artepillin C (ARC) from Brazillian 
green propolis (20-22) also show such a synergy to 
suppress the PAK1-dependent growth of human ovarian 
cancer xenografts in mice.
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